The isolation of small amounts of genistein (5:7:4'-trihydroxy-isoflavone) from subterranean clover (Trifolium subterraneum var. Dwalganup) and the demonstration of its weakly oestrogenic properties (Bradbury & White, 1951, and Biggers & Curnow, 1954) , together with the difficulties in the synthesis of this compound, made it important that a more efficient method be found for the isolation of this isoflavone from the clover. Also, the amount of genistein isolated by Bradbury & White (2 mg./ 100 g. of fresh clover) and its low oestrogenic activity (Biggers & Curnow, 1954) were not nearly sufficient to account for the activity of the fresh plant (Robinson, 1949) and left considerable doubt as to whether this compound was responsible for the oestrogenic activity of the clover.
The present study has shown, however, that the clover contains much more genistein than found by these workers. The amount now found indicates that genistein could indeed be responsible for the activity of the plant and therefore for the infertility in sheep grazing on subterranean-clover pastures. This finding called for rapid and efficient methods of estimation of this compound in the plant. For the determination of the genistein content of the clover at various stages of growth, under various nutritional conditions, in different seasons and in various strains, an accurate method of estimation was required, whereas for the purposes of the plant geneticist a rapid method was desired for use with small amounts of the material (parts of a single plant), in which great accuracy is a secondary consideration. Methods fulfilling these two sets of requirements have been developed and are presented here.
EXPERIMENTAL Materials 'Chloroplast fraction'. The 'chloroplast fraction' was prepared as described by Bradbury & White (1951) Bioassay procedure. The methods described in the previous paper (Biggers & Curnow, 1954) were used for the assay of the oestrogenic activity of extracts.
Isolation of genistein from 'chloroplat'
Extraction. An amount of 100 g. of 'chloroplast' was extracted with 1 1. ethanol for 30 min. while being stirred under reflux. The residue was extracted with a further 500 ml. ethanol, under reflux for 15 min. The combined extract contained 7-2 g. of solid. Extraction of the chloroplast residue with ethanol and with ethanolic NaOH failed to yield any further oestrogenic material.
Purifiction. The combined ethanol extracts were evaporated in vacuo to a volume of 600 ml. Water was added to bring the volume to 1000 ml. and the mixture extracted 4 times with 200 ml. benzene. The benzene extracts were washed in countercurrent fashion 4 times with 200 ml. 60 % (v/v) ethanol. This treatment removed from the aqueous ethanol all the chlorophyll and fats, and left a clear paleyellow solution. The dark-green benzene phase contained 2-78 g. of solid which showed no oestrogenic activity on injection in ovariectomized mice either before or after saponification. Aqueous ethanol-benzene partition. The combined ethanol extracts were evaporated in vacuo to 150 ml. and water was added to bring the volume to 250 ml. The resulting 60% ethanol solution was extracted with three 50 ml. portions of benzene, the separating funnel being gently rotated to avoid the formation of troublesome emulsions. The three benzene extracts were kept apart and extracted in countercurrent fashion with five 50 ml. portions of 60% ethanol.
The benzene extract was evaporated to dryness, hydrolysed under reflux with 100 ml. ethanolic N-NaOH and the 'phenol' fraction isolated in the usual way. Injection in ovariectomized mice showed that it contained less than 5 % of the total oestrogenic activity of the original extract.
Thus the fats and chlorophylls were retained in the benzene phase whereas the clear, faintly yellow aqueousethanol phase contained more than 95 % of the oestrogenic material.
The partition coefficient of genistein between benzene and aqueous ethanol was estimated in the following manner. Samples of 0-5 mg. genistein were shaken with 50 ml. aqueous ethanol (50, 60 and 70%, v/v) and 50 ml. benzene and the phases allowed to separate. The temperature was 190. The aqueous ethanol phases were evaporated to dryness in vacuo and the residues dissolved in 50 ml. ethanol. The extinction at 262-5 m,u. was determined with a Beckman spectrophotometer. Similar determinations were made for formononetin (7-hydroxy-4'-methoxy-isoflavone) by using the extinction at 249 m,u. The results are given in Table 1 .
The absorption curves of genistein and formononetin in pure ethanol are shown in Fig. 1 . Over the range 0-1 mg./ 100 ml. the optical density at 262-5 mu. of genistein solutions was found to be directly proportional to the concentration.
With the partition ratio of 1-39 for genistein between 60 % ethanol and benzene, the theoretical recovery of genistein in the purification procedure is 97-9 %. For formononetin the theoretical recovery is 59 3%. Very little formononetin, however, is found in the purified clover extracts. Formononetin is relatively insoluble in ethanol (175 mg./100 ml. at 220), whereas genistein is readily soluble.
Separation of phenols. The aqueous ethanol solution was evaporated in vacuo to a volume of 100 ml., saturated with JRNOW I954 NaCl and extracted with four 100 ml. portions of ether. The combined ether solution was then extracted with six 25 ml. portions of 0-1 N-NaOH. C02 was passed into the combined NaOH extracts until they were saturated, and the phenols were extracted with four 100 ml. portions of ether. The combined ether solution was washed with three 20 ml. portions of water, and evaporated to dryness to yield the phenols.
Chromatography. An amount of silica gel 200 times the weight of the phenols was transferred with stirring into a water-jacketed column 15 mm. in diameter filled with light petroleum (40-60') and the phenols were chromatographed on this column with 50 ml. portions of dry light petroleumether mixtures as eluting solvents, running from pure light petroleum to 10, 20, 30. .. 100 % (v/v) ether. Finally acetone and then methanol were run to elute the column completely. The pressure at the top of the column was increased by nitrogen at 50-150 mm. Hg. From 20 to 30 fractions were obtained in this way. These fractions were weighed and the recoveries from a number of columns varied from 100 to 110%, the excess being due presumably to some material eluted from the silica gel. The partition ratio (concentration in aqueous ethanol/ conen. in benzene) was determined using 50 ml. volumes of the two phases and 0-5 mg. of the substance investigated. Spectrophotometry. The absorption spectrum, over the range 220-300 mp., was observed for each fraction in solution in ethanol. A typical series of curves for the fractions is shown in Fig. 2 Fractions 9-16 had maxima at 262 5 m,u. and were all similar to the absorption curve of genistein (Fig. 1) . On injection in ovariectomized mice, only the fractions 9-16 showed oestrogenic activity, whereas fractions 1-8 and 17-21 were inactive. Recrystallization of fractions 9-16 yielded genistein, identified by its m.p. and u.v. absorption. As a final proof of identity, fraction 10 showed absorption in the infrared region, 860 cm.-' to 1200 cm.-', very similar to that of synthetic genistein, as shown in Fig. 3 with a further 0-5 ml. ethanol for 5 min. and the extract decanted into the graduated tube. The combined extracts were evaporated by using a stream ofair or nitrogen directed into the tube, keeping the tube warmed to about 700 in a glycerol bath, until the volume was reduced to 0-6 ml. Water was added to bring the volume to 1-0 ml. and 0-5 ml.
benzene was added. The tube was rotated at an angle of 450 from vertical in a mechanical rotator at about 140 rev. min.-l for 10 min. This procedure avoided the formation of emulsions and gave an efficient extraction, the benzene layer being dark green in colour whereas -the aqueous alcohol layer was almost colourless.
With the use of a pipette inserted to the bottom of the tube, 0-5 ml. of the aqueous phase, free ofthe benzene phase, was drawn up and a volume equivalent to 2-5 mg. of fresh clover placed in a small tube and evaporated to dryness by the technique described above.
Paper chromatography. Following the method of BateSmith & Westall (1950) , the extract was dissolved in a minimum of butanol containing 1 % HCI (w/v) and traiisferred with a micro-pipette to a paper strip (Whatman no. 4) 5 mm. wide, care being taken to keep the length of the applied spot within a 5 mm. limit. Control strips were spotted similarly with 2-5 and 5 0,ug. genistein. Throughout a series of several hundred separations it was found impossible to estimate genistein content by measuring spot length. Also, the separation of genistein from the pigments present was not always complete, so that only a visual approximation ofgenistein content, by comparing the extract chromatograms with the controls, was possible.
RESULTS
The results of a series of determinations on different clovers by using silica gel chromatography and ultraviolet absorption measurements are given in Table 2 . The four subterranean clovers contained large amounts of genistein, whereas the others contained no trace of genistein. With the micro-method these studies have been extended to a large number of clovers and the results will be given in a further communication. The genistein content of many samples of the Dwalganup strain has now been determined and these results will be available for publication shortly. The figure for Dwalganup in 4. Four subterranean clovers studied contain genistein, whereas four other species contained no genistein.
5. The Dwalganup strain of subterranean clover contained 740 mg./100 g. dry matter, sufficient to account for the oestrogenic activity of the plant and therefore probably responsible for the infertility in sheep grazing on subterranean clover pastures.
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